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(57) ABSTRACT 

A narrow bandwidth signal, such as a narrowband FM 
signal, is modulated in a modulator that modulates a wide 
bandwidth signal, such as a CDMA signal, by oversampling 
the narrow bandwidth signal and applying the oversampled 
narrow bandwidth signal to the modulator. By oversampling 
the narrow bandwidth signal, the same fixed low pass filter 
can be used for both the wide bandwidth signal and the 
oversampled narrow bandwidth signal. Accordingly, differ- 
ent low pass filters or switched low pass filters are not 
needed. The DC offset that is introduced by the digital-to- 
analog converter and/or the low pass filter of the modulator 
is compensated, preferably in the digital domain, to thereby 
reduce DC ofket within acceptable limits for the modulation 
that is being used. More preferably, compensation is pro- 
vided by subtracting from the sampled signal, a digital value 
representing the DC offset in the filtered analog signal that 
is introduced by the digital-to-analog converter and/or the 
low pass filter. A sensor senses the DC offset in the filtered 
analog signal. An analog-to-digital converter is responsive 
to the sensor to convert the sensed DC offset into a digital 
ofiket signal. A subtracter is responsive to the analog-to- 
digital converter to subtract the digital DC offset signal from 
the sampled signal and to apply the sampled signal minus the 
DC offset signal, to the digital-to-analog converter. 

45 Claims, 5 Drawing Sheets 
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DUAL-MODE MODULATION SYSTEMS AND 
METHODS INCLUDING OVERSAMPLING 
OF NARROW BANDWIDTH SIGNALS AND 
DC OFFSET COMPENSATION 

CROSS-REFERENCE TO RELATED 
APPLICAnON 

This application is a Continuation- in-Part of application 
Ser. No. 08/971,502, filed Nov, 17, 1997, now U.S. Pat. No. 
6,137,826, entitled "Dual-Mode Modulation Systems and 
Methods Including Oversampling of Narrow Bandwidth 
Signal", assigned to the assignee of the present application, 
the disclosure of which is hereby incorporated herein by 
reference. 

HELD OF THE INVENTION 

This invention relates to modulation systems and 
methods, and more particularly to dual-mode modulation 
systems and methods. 

BACKGROUND OF THE INVENTION 

Modulation systems and methods are widely used in 
transmitters to modulate an information input including 
voice and/or data onto a carrier. The carrier may be a final 
carrier or an intermediate carrier. The carrier frequency can 
be in UHF, VHF, RF, microwave or any other frequency 
band. Modulators are also referred to as "mixers" or "mul- 
tipliers". For example, in a mobile radiotelephone, a modu- 
lator is used for the radiotelephone transmitter. 

As is well known to those having skill in the art, modu- 
lation systems and methods for digital input signals gener- 
ally include a Digital-to-Analog Converter (DAC) that con- 
verts the digital input signal into an analog signal. Alow pass 
filter, also referred to as an "anti-aliasing filter", filters the 
analog signal to produce a filtered analog signal. A modu- 
lator modulates the filtered analog signal onto a carrier. The 
modulator includes a multiplier that is coupled to a local 
oscillator, such as a Voltage Controlled Oscillator (VCO), 
and to the filtered analog signal. The carrier including the 
filtered analog signal may then be transmitted by an antenna. 

In modem communications systems, it is often desired to 
provide dual-mode modulation systems and methods that 
can modulate two types of communications signals. For 
example, in mobile radiotelephones, it is often important to 
provide a modulator that operates both in narrowband FM 
mode and in wideband Code Division Multiple Access 
(CDMA) mode. More particularly, in order to provide a 
mobile radiotelephone that can be used with both an IS- 19 
AMPS analog system and an IS-95 Direct Sequence Spread 
Spectrum (DSSS) wideband CDMA system, it is desirable to 
provide dual-mode modulation systems and methods. 

Unfortunately, it may be diflScult to provide a dual-mode 
modulation systems and methods that can handle the dis- 
parate bandwidths of the AMPS and CDMA signals. In 
particular, the narrowband AMPS FM signal has a band- 
width of about 12.5 KHz, while the wideband CDMA signal 
has a bandwidth of about 615 KHz, or about an order of 
magnitude wider. 

In modem radiotelephone communications, mobile radio- 
telephones continue to decrease in size, cost and power 
consumption. In order to satisfy these objectives, it is 
generally desirable to share circuitry in dual-mode radio- 
telephones. Shared circuitry can decrease the number of 
components that are used in the modulator, thereby allowing 
a decrease in the size thereof. Shared components can also 
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decrease the power consumption of the dual-mode modula- 
tion system, which can allow an increase in battery time. 
Finally, sharing of components can allow a decrease in 
component cost, thereby allowing a decrease in the overall 

5 cost of the radiotelephone. 

FIG. 1 illustrates a first conventional dual-mode modula- 
tor. As shown in FIG. 1, an IQ modulator 10, also referred 
to as a "quadraphase modulator" or a "quadrature modula- 
tor" includes a quadrature splitter 20, also known as a 90** 

50 phase shifter, and a pair of multipliers 16fl, 16b coupled to 
the quadrature splitter. A local oscillator 15, such as a 
Voltage Controlled Oscillator (VCO), is coupled to the 
quadrature splitter 20 to produce 90° phased shifted local 
oscillator signals. I data 11a and Q data lib are coupled to 

15 a respective multiplier or mixer 16^, 16b respectively. 
Digital input data is converted to analog data by I Digital- 
to-Analog Converter (DAC) 14^2 and Q DAC 146, respec- 
tively. The outputs of the DACs 14fl and 14b respectively are 
apphed to low pass filters 12a and 12b respectively to 

20 provide the I and Q data inputs 11a and Hb respectively. The 
modulator modulates the input data on a carrier 13, by 
summing the outputs of the multipliers 16a, 16b at summing 
node 218, and transmits the modulated carrier 13 via an 
antenna. 

The DACs 14a and Ub, low pass filters 12fl and 12b and 
IQ modulator 10 may be used to modulate a high bandwidth 
CDMA signal such as a Direct Sequence Spread Spectrum 
(DSSS) signal onto a carrier. Since the signal is generated 
digitally, it is low pass filtered by filters 12a and 12b to let 

'^^ the information through while removing digitally generated 
spurs and noise. 

In order to use the IQ modulator 10 of FIG. 1 in a 
dual-mode, such as for narrow bandwidth FM signal, a 
separate FM DAC 19 and a separate FM low pass filter 17 
may be provided. Baseband circuitry generates an FM 
voltage signal that is applied to the tune line of the VCO, to 
modulate the FM information onto the carrier for transmis- 
sion according to the AMPS standard. Since the FM voltage 
signal is generated digitally, it is low pass filtered by FM low 
pass filter 17 to let the information through while removing 
digitally generated spurs and noise. 

The low pass filter 17 generally has a different bandpass 
characteristic than the low pass filters 12a and 12b that are 

45 part of the CDMA modulator, due to the widely differing 
bandwidths of the FM and CDMA signals. Accordingly, in 
this dual-mode embodiment, a separate FM DAC 19 and a 
separate FM low pass filter 17 is provided. Modulation 
systems according to FIG. 1 have been designed into many 

50 integrated circuit chip sets developed for CDMA standards 
that also include AMPS functionality. Unfortunately, this 
technique uses separate DACs and low pass filters, which 
may increase the size, cost and/or power consumption of the 
modulator. 

55 A second dual-mode modulation system is illustrated in 
FIG. 2. In this figure, an IQ modulator 210 including a 
quadrature splitter 220, a pair of multipliers 216a and 2166, 
a summing node 218 and a VCO 215 are provided to 
produce a modulated carrier 213. However, in contrast with 

60 FIG. 1, the DACs and low pass filters are shared for the 
dual-mode operation. In particular, the I DAC and Q DAC 
214a and 2146 respectively are used for both wideband 
CDMA and narrowband FM operation. Low pass filters 
212a and 2126 are also used for wideband CDMA and 

65 narrowband FM operation. 

Unfortunately, due to the widely disparate bandwidths of 
the CDMA signal and the FM signal, the low pa.ss filters 
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212a and 2126 should have different band pass character- 
istics when in the different modes. In order to share the low 
pass filter, the band pass frequency is switched depending 
upon mode. Accordingly, while these switched filters 212a, 
212b are used in both modes, they may be expensive to 5 
implement and may consume excessive power and/or area in 
a radiotelephone. 

In high performance communications systems, it also may 
be desirable to provide high carrier suppression. In order to 
provide high carrier suppression, a low DC ofiket should be 
produced in the modulation system. For example, the 
required carrier suppression for FM modulation in an IS- 19 
AMPvS analog system may be approximately -35 dBc. In 
order to provide an acceptable design margin, it may be 
preferred for the nominal carrier suppression to be -40 dBc, is 
which can translate into a 14 mV differential DC offset 
signal when a 2V peak-to-peak differential information 
signal is generated in a balanced system. 

Low DC offset in the digital input signal may be provided 
using conventional techniques. Unfortunately, however, the 
modulation system may generate its own DC offset. More 
specifically, the digital-to- analog converter and/or the low 
pass filter may generate DC offsets. 

The DC offset that is generated in the digital-to-analog 
converter can be reduced using high performance digital- 
to-analog converters. Unfortunately, these digital-to-analog 
converters may be costly and complex. DC offset can be 
reduced in the low pass filter by providing a passive, off-chip 
filter with tight tolerance components. Unfortunately, such a 
passive off-chip filter may be costly and complex, and may 
consume excessive space in a portable radiotelephone. 

SUMMARY OF THE IIWENTION 

It is therefore an object of the present invention to provide 35 
improved dual-mode modulation systems and methods. 

It is another object of the present invention to provide 
dual-mode modulation systems and methods for a first signal 
and a second signal of narrower bandwidth than the first 
signal. 40 

It is still another object of the present invention to provide 
dual-mode modulation systems and methods for a first signal 
and a second signal of narrower bandwidth than the first 
signal, that can share components of the modulation system 
to provide compact, low cost and/or low power dual -mode 
modulation. 

It is yet another object of the present invention to provide 
dual-mode modulation systems and methods that can gen- 
erate low DC ofl&et. 

These and other objects are provided, according to the 
present invention, by modulating a narrow bandwidth signal, 
such as a narrowtjand FM signal, in a modulator that 
modulates a wide bandwidth signal, such as a CDMA signal, 
by oversampling the narrow bandwidth signal and applying 55 
the oversampled narrow bandwidth signal to the modulator. 
By oversampling the narrow bandwidth signal, the same 
fixed low pass filter can be used for both the wide bandwidth 
signal and the oversampled narrow bandwidth signal. 
Accordingly, different low pass filters or switched low pass 
filters are not needed. 

In a particular aspect of the present invention, a CDMA 
modulator including a sampler is used for dual-mode modu- 
lation by applying a narrow bandwidth FM signal to the 
CDMA modulator, such that the CDMA modulator over- 65 
samples the FM signal and modulates the oversampled FM 
signal. The CDMA modulator includes a fixed low pass filter 


having a passband that encompasses a CDMA signal and the 
oversampled FM signal, so that the same fixed low pass filter 
is used to filter both the CDMA signal and an FM signal. The 
CDMA modulator may be particularly useful in a radiotele- 
phone where the CDMA signal may be a direct sequence 
spread spectrum signal and the FM signal may be an analog 
cellular telephone signal. 

Dual-mode modulation systems according to the present 
invention include means for modulating an applied signal 
onto a carrier and means for applying a first signal to the 
modulating means, to thereby modulate the first signal onto 
a carrier. Oversampling means is included for oversampling 
a second signal of narrower bandwidth than the first signal. 
The systems also include means for applying the over- 
sampled second narrower bandwidth signal to the modulat- 
ing means, to thereby modulate the second narrower band- 
width signal onto a carrier. 

The modulating means preferably comprises a digital-to- 
analog convener and a low pass filter that filters the analog 
output of the digital-to-analog converter, wherein the low 
pass filter has a passband that encompasses the first signal, 
and the oversampled second narrower bandwidth signal, 
such that the same fixed low pass filter is used to filter both 
the first signal and the oversampled second narrower band- 
width signal. When the modulating means comprises an IQ 
modulator having I and Q inputs, the oversampling means 
preferably comprises first and second samplers. 

Dual-mode modulation systems according to the inven- 
tion also include means for sampling an applied signal, 
means for converting the sampled signal to an analog signal, 
means for low pass filtering the analog signal and means for 
modulating the low pass filtered analog signal onto a carrier. 
Dual-mode modulation systems also include means for 
applying a first signal to the sampling means, to thereby 
modulate the first signal on a carrier using the sampling 
means, the converting means and the low pass filtering 
means, and for applying a second signal of narrower band- 
width than the first signal to the sampling means, to thereby 
oversample the second signal and modulate the second 
signal on a carrier using the sampling means, the converting 
means and the low pass filtering means. Accordingly, the 
same unswitched filters may be used for both the wide and 
narrow bandwidth signals, to thereby allow reduction in 
cost, space and/or power consumption. 

Dual-mode modulation systems and methods according to 
the invention also compensate for the DC offset that is 
introduced by the digital-to-analog converter and/or the low 
pass filter thereof. Compensation is preferably provided in 
the digital domain, to thereby reduce DC offset to within 
acceptable limits for the modulation that is being used. More 
preferably, compensation is provided by subtracting from 
the sampled signal, a digital value representing the DC offset 
in the filtered analog signal that is introduced by the digital- 
to-analog converter and/or the low pass filter. 

Modulation systems according to the invention include a 
digital-to-analog converter that converts the sampled signal 
into an analog signal. The analog signal is filtered by a low 
pass filter to produce a filtered analog signal. The digital- 
to- analog converter and/or the low pass filter introduce DC 
offset into the filtered analog signal. A modulator modulates 
the filtered analog signal onto a carrier. A DC offset com- 
pensator compensates for the DC offset in the filtered analog 
signal that is introduced by the digital-to-analog converter 
and/or the low pass filter. 

DC offset compensators according to the invention pref- 
erably include a sensor that senses the DC offset in the 
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filtered analog signal. An analog-to-digital converter is of dual-mode modulation systems and methods including 
responsive to the sensor, to convert the sensed DC offset into DC offset compensation according to the present invention, 
a digital offset signal. A subtractor is responsive to the piG. 5 is a block diagram of a one bit- delta-sigma 
analog-lo-digital converter, to subtract the digital DC offset analog-to-digital converter that may be used to compensate 
signal from the sampled signal, and to apply the sampled 5 ^C offset according to the present invention, 
signal less (minus) the digital DC offset signal, to the r-^^ ^ n . . ^ i- , c 1 
diiital-to-analog converter. Accordingly, the sensed offset is ^. ^ ^"^^^^^f '"^^^u *^™bodiment of an analog-to- 
subtracted in the digital domain. A scaler may also be ^f^'^ t^an can be used to compensate for DC 
included that is responsive to the analog-to-digital converter. accordmg to the present mvention, 
to scale the digital DC offset signal into a scaled digital DC FIG. 7 illustrates operation of a polarity inverter than may 
offiset signal. The subtractor is then responsive to the scaler, be used in FIG. 6. 

to subtract the scaled digital DC offset signal from the DETAILED DESCRIPTION OF THE 

sampled signal. ^ ^ PREFERRED EMBODIMENTS 

The subtractor need not contmuously sense the DC offset 
in the fihered analog signal, but rather may do so on an ^5 The present invention now will be described more fully 
intermittent and preferably periodic basis. For example, the hereinafter with reference to the accompanying drawings, in 
DC offset compensator may include a latch that is responsive which preferred embodiments of the invention are shown, 
to the analog-to-digital converter to intermittently latch the This invention may, however, be embodied in many different 
digital DC offset signal and to apply the latched digital DC forms and should not be construed as limited to the erabodi- 
offset signal to the subtractor, such that the latched digital '"^"^^ ^^^^^ herein. Rather, these embodiments are pro- 
DC offset signal is subtracted from the sampled signal. vided so that this disclosure will be thorough and complete. 
When the analog- to-digital converter is clocked at a first and will fully convey the scope of the invention to those 
clock rate, the latch can be clocked at a second clock rate skilled in the art. Like numbers refer to like elements 
that is lower than the first clock rate. throughout. 

The sensor may comprise a low pass filter that senses the 25 Referring now to FIG. 3, a block diagram of dual-mode 

DC offset in the filtered analog signal. In one embodiment, modulation systems and methods according to the invention 

the analog-to-digital converter is a one bit delta-sigma is shown. As shown in FIG. 3, dual-mode modulation 

analog-to-digital converter. In another embodiment, a polar- systems and methods include an IQ modulator 310 that 

ity inverter is responsive to the sensor, to periodically invert includes a VCO 315, a pair of multipliers 316a and 316^?, a 

the polarity of the sensed DC offset signal. The analog-to- 30 quadrature splitter 320 and a summing node 318. The 

digital converter converts the periodically polarity inverted interconnection of these elements to form a quadrature 

sensed DC offiset signal into the digital offset signal, thus modulator are well known to those having skill in the art, 

reducing the effect of the internal DC offset of the analog- and need not be described further herein. As also shown, IQ 

to-digital converter. modulator 310 accepts I inputs 311a and Q inputs 3116 and 

DC Ofiket compensation may be advantageously used 35 produces an output 313 that modulates these inputs on a 

with dual bandwidth modulators wherein the sampled signal carrier. 

comprises a selected one of a first digital input signal and a Still referring to FIG. 3, dual-mode modulation systems 

second digital input signal of narrower bandwidth than the and methods according to the invention include a pair of 

first digital input signal. For example, the invention may be fixed low pass filters 312a and 3126, The fixed low pass 

used with a first digital input signal that is a CDMA signal, 40 filters include a passband which can pass the wide band- 

and with a second digital input signal that is an FM signal. width signals, such as the CDMA DSSS signals. An 1 DAC 

More specifically, the CDMA signal may be a direct 314fl and a Q DAC 3146 are also included, 

sequence spread spectrum signal, and the FM signal may be Still referring to FIG. 3, also included is a pair of samplers 

an analog cellular telephone signal. The present invention 330a and 3306, also referred to as an I sampler and a Q 

may also be used in IQ modulators, also referred to as 45 sampler, respectively. According to the invention, and as 

"quadraphase modulators" or "quadrature modulators" that shown in FIG. 3, a source of wide bandwidth signals, such 

modulate in-phase and quadrature filtered analog signals as DSSS signal source 350 and a source of narrow band- 

onto a carrier. Analogous modulation methods may also be width signals, such as FM signal source 340 are both applied 

provided. to the samplers 330a and 3306. DSSS signal source 350 may 

Accordingly, dual-mode modulation systems and meth- 50 produce a DSSS-l signal and DSSS-Q signal that are applied 

ods for a digital input signal can provide low DC offset to sampler 330a and sampler 3306 respectively. FM signal 

notwithstanding the introduction of DC offset by the digital- source 330 may produce an FM I signal and an FM Q signal 

to-analog converter and/or the low pass filters thereof. High that are applied to the I sampler 330fl and the Q sampler 

performance and costly digital-to-analog converters need 3306 respectively. It will be understood that DSSS signal 

not be used. High performance off-chip low pass filters also 55 source 350 and FM signal source 340 may be generated as 

need not be used. baseband signals in dual-mode radiotelephones. The gen- 

DDTcc rl^:ci-DID^^n^T nc" TTJc rxT5 A\i7TKT/-c eration of DSSS signals and FM signals in dual-mode 

BRIEF DESCRIPTION OF THE DRAWINGS radiotelephones are well known to those having skill in the 

FIG. 1 is a block diagram of a first conventional dual- art and need not be described further herein, 

mode modulation system and method. stijj referring to FIG. 3, it can be seen that the samplers 

FIG. 2 is a block diagram of a second conventional 330^ and 3306 and the DACs 314a and 3146 operate at a 

dual-mode modulation system and method. sample rate T,„^^,^. The sample rate T^ampic may be con- 

FIG. 3 is a block diagram of dual-mode modulation trolled by a signal that is applied to control line 335. The 

systems and methods including DC offset compensation sample rate is generally set by the sample rate for the wide 

according to the present invention. 65 bandwidth signals 350. Accordingly, when the narrow band- 

FIGS. 4A and 4B, which when placed together as shown width signals 340 are applied to samplers 330a and 3306, the 

form FIG. 4, are a block diagram of a second embodiment sampler acts to oversample the narrow bandwidth signals. 
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By oversampling the narrow bandwidth signals, the same 
DACs and low pass filters 314 and 312 respectively, may be 
used for the wide and narrow bandwidth signals. 

It will be understood that as part of the wide bandwidth 
signal modulation, the wide bandwidth signals also may be 5 
oversampled by samplers 330fl and 330Z?. In that case, the 
narrow bandwidth signals are highly oversampled by sam- 
plers 330fl and 330i?. It will also be understood that the 
sample rate need not be identical for the wide and narrow 
bandwidth signals. However, the sample rate T^a^j,/^ is 
generally maintained at a rate such that the same fixed low 
pass filters 312fl and 312b can be used for the wide and 
narrow bandwidth signals. Accordingly, a dual -mode modu- 
lator may use the same unswiiched low pass filters for 
modulating the wide bandwidth signals and the oversampled 
narrow bandwidth signals, to thereby save cost, space and/or 
power. 

The present invention can use the same fixed low pass 
filter (without switching) for both the FM signal and spread 
spectrum signal fed into the IQ modulator. Variable low pass 
filters, such as switched low pass filters, are not needed. In 
order to use the same fixed low pass filter, the FM signal is 
highly oversampled in the DAC, preferably at the same 
sample rate, T^^^/^, as the spread spectrum signal. To be 
sampled at this rate in the DAC, it is upsampled/interpolated ^5 
to this highly oversampled rate. 

For an IS-95 signal, the sample rate can be 8x or 4.9152 
MHz. For convenience, the sample rate for the FM signal 
can be a divider of a reference clock rate that is near the 
IS-95 sample rate (19.2 MHz/4 or 4.8 MHz). The sampling 30 
spur (-5 MHz) can be reduced by the low pass filter to meet 
the spur performance specifications of the transmitter for 
both AMPS and CDMA. 

By highly oversampling the FM signal, the samphng 
noise floor from the DAC can be decreased to acceptable 35 
levels for the AMPS transmission (<-60 dBc). The spread 
spectrum signal is not highly oversampled, rather it is 
normally oversampled (8x). The sampling noise floor for the 
DAC for this mode can be decreased to acceptable levels for 
the IS-95 transmission (<-45 dBc), The spurious free 40 
dynamic range for either mode is preferably greater than the 
difference between the largest signal and the noise floor (>60 
dB for AMPS and >45 dB for CDMA). Thus, the quality of 
the IQ modulator is preferably sufficient to meet the modu- 
lation specifications in the AMPS mode, which are generally 45 
more severe than the CDMA mode. This is also the case for 
a conventional system of FIG. 2, where the IQ modulator is 
shared and the low pass filter is switched. 

The present invention may be applied to modulation 
systems and methods that share an IQ modulator with an FM 50 
signal (narrow bandwidth) and a direct sequence spread 
spectrum signal (wide bandwidth). The analog FM signal is 
converted to a digital signal at some rate. If the converted 
rate is low, then it can be upsampled/interpolated to the final 
desired rate, T^ampte- During A/D conversion, it can imme- 55 
diately be highly oversampled at the final desired rate. The 
present invention may also be applied to modulation systems 
and methods that share an IQ modulator with an unspread 
digital signal (narrow bandwidth) and a direct sequence 
spread spectrum signal (wide bandwidth). Thus, the present 60 
invention may be used in mixed AMPS/CDMA radiotele- 
phones (IS-95), mixed GSM/WCDMA radiotelephones 
(third generation wideband cellular standards), and other 
radiotelephones that combine wideband and narrowband 
signals. 65 

Still referring to FIG. 3, DC offset compensation accord- 
ing to the invention will now be described. Although the 


sampled I and Q signals 333fl and 333b may have low DC 
ofiEset, the DC ofifeet that is introduced by at least one of the 
digital-to-analog converters 314fl and 314b and the low pass 
filters 312^1 and 312b may produce unacceptably high DC 
oflfeet. The digital-to-analog converters 314a and 314b and 
low pass filter 312fl and 312b are collectively labeled as 
sources of DC offset by dashed blocks 324a and 324b. 

According to the invention, DC ofikel compensators 322fl 
and 322b are provided, that compensate for the DC offset in 
the filtered analog signal 311^ and 3116 that is introduced by 
the at least one of the digital-to-analog converters 314^1 and 
314b and the low pass filter 312fl and 3126. As shown, the 
DC offset compensators 322fl and 3226 act upon the 
sampled signals 333^ and 3336 in the digital domain to 
compensate for the DC offset in the filtered analog signals 
311a and 3116 that is introduced by at least one of the 
digital-to-analog converters 314fl and 3146 and the low pass 
fihers 312a and 3126, to thereby reduce the DC offset to 
within acceptable limits for the modulation scheme that is 
used. 

More specifically, as shown in FIG. 3, each of the DC 
oflfeet compensators 322fl and 3226 preferably include a DC 
sensor 321a, 3216 that senses the DC offset in the filtered 
analog signal 311a, 3116. An Analog-to-Digital Converter 
(ADC) 323a. 3236 converts the sensed DC offset 329a, 3296 
into a digital DC offset signal 331a and 3316. A subtractor 
326a, 3266 subtracts the digital DC offset signal 331a, 3316 
from the sampled signal 333a, 3336 and applies the sampled 
signal less (minus) the DC offset signal 327a, 3276, to the 
digital-to-analog converter 314a, 3146. Accordingly, the DC 
offset that is generated in the forward path is sensed and 
converted to a digital value. The digital value representing 
the DC offset is then subtracted from the incoming sampled 
signal 333a, 3336, 

As also shown in FIG. 3, the digital DC offset signal need 
not be calculated at the same frequency as the digital-to- 
analog conversion by the digital-to-analog converters 314a 
and 3146, in order to compensate for the DC ofl&et. Rather, 
the DC offset may be determined intermittently, preferably 
periodically. Accordingly, as shown in FIG. 1, latches 325a 
and 3256 may be used to intermittently and periodically 
latch the digital DC offset signals 311a and 3116, such that 
the latched digital DC offset signals 332a and 3326 are 
subtracted from the sampled signals 333a and 3336. Thus, as 
will be described below, the latches 325a and 3256 and/or 
the analog-to-digital converters 323a, 3236 may be clocked 
at lower frequencies than the digital-to-analog converters 
314a and 3146, because the DC ofliset will generally not 
vary as rapidly as the sampled signals 333a and 3336. In a 
particular example, the DC offset may be sensed once per 
second, or at other intervals. 

It will be understood that in FIG. 3, two separate DC 
offset compensators 322a and 3226 are provided for the two 
input signal paths. However, it will be understood that a 
single DC offset compensator may be used for both the I 
input signal path and the Q input signal path. 

Referring now to FIG. 4, another embodiment of a 
dual-mode IQ modulator according to the present invention 
will now be described. In FIG. 4, an optional scaler 460a, 
4606 is used between a respective analog-to-digital con- 
verter 323a, 3236 and a respective latch 325a, 3256. The 
scaler scales the digital DC offset signals 329a, 3296 into 
scaled digital DC offset signals 329a', 3296'. Scaling may be 
used in order to apply a scaling factor to the digital signal 
produced by the analog-to-digital converters 323a, 3236. 
For example, when a differential DC voltage is sensed by the 
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DC sensors 321fl, 3216 of FIG. 4, a scaling factor may need 
to be used. Also in FIG. 4, an optional amplifier 461fl, 461b 
is used between a respective low pass filter 312fl, 312b and 
a respective modulator 316fl, 3166. to provide amplification 
if necessary. As shown in FIG. 4, the DC offset compensa- 
tors 322a, 3226 can also compensate for DC offset in the 
amplifiers 461^2, 4616. 

As also shown in FIG. 4, timing for the analog-to-digital 
converters 323a, 3236, for the digital-to-analog converters 
314a, 3146 and for the latches 325a, 3256 may also be 
provided from a common clock 462. It will be understood 
that the voltage controlled oscillator 315 is also preferably 
locked to the same reference as the common clock 462. As 
shown in FIG. 4, the digital-to-analog converters 314a, 3146 
are preferably clocked by the clock 462. The analog-to- 
digital converters 323a, 3236 are preferably clocked at a first 
clock rate that is lower than that of clock 462 using divide 
by M (+M) circuits 463a, 4636. Moreover, the latches 425a, 
4256 are latched at a second clock rate that is even lower 
than the first clock rate using divide by N (+N) circuits 464a, 
4646. First and second clock rates that are lower than the 
speed of clock 462 may be used, because the DC ofi&et need 
not be sensed as often as the sampled signals 333a, 3336 are 
converted to digital, since the DC oflfeet generally changes 
less rapidly than the sampled signal itself. 

1lie DC sensors 321a, 3216 of FIG. 4 may be provided by 
passive low pass filters with a low comer frequency. A low 
comer frequency may be used because only the DC com- 
ponent needs to be sensed. Subtraction in the digital domain 
may also occur at a low rate, that is preferably gated by 
dividing the clock 462. DC offset compensators of FIG. 4 
may be able to cancel a DC offset that is as large as the Least 
Significant Bit (L^B) of the digital-to-analog converter 
314a, 3146, 

The DC offset cancellation that can be accomplished may 
be limited by the DC offset that is introduced by the 
analog-to-digital converters 323a, 3236 in the DC offset 
compensators 322a, 3226. Accordingly, low DC offset 
analog-to-digital converters 323a, 3236 are preferably used, 
A preferred analog-to-digital converter 323a, 3236 is a one 
bit delta-sigma converter. A one bit converter may be used 
so that the feedback path inside the delta-sigma converter 
may be obtained using a straight feedback connection with- 
out the need for intervening components. 

FIG. 5 illustrates a block diagram of a one bit delta-sigma 
analog-to-digital converter 323'. As shown in FIG. 5, the 
analog-to-digital converter 323' includes an integrator 70, a 
comparator 71 and a decimation/low pass filter 72. The 
output of the comparator 71 is fed back to the input via a 
summing node 73. The design of a one bit delta-sigma 
digital-to- analog converter is well known to those having 
skill in the art, and is described for example in the textbook 
by Candy and Temes entitled ^'Oversampling Delta-Sigma 
Data Converters'^ IEEE Press, 1992, in the chapter entitled 
"Oversampling Methods for A/D and D/A Conversion" y pp. 
1-25, the disclosure of which is hereby incorporated herein 
by reference. 

Accordingly, DC offsets introduced by elements in the 
forward path of the delta-sigma converter can be nulled. 
Thus, the only DC offset contributor may be the analog 
difference amplifier represented by the summing node 73. 
DC offset can be reduced in this difference amplifier 73, for 
example by selecting the decimation low pass filter 72 to 
have a comer at 10 Hz. Thus, the difference amplifier 73 may 
operate at a very low frequency, for example 10 kHz. 'Ilie 
difference amplifier 73 thus can be made with large 
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geometry, low frequency transistors that may have excellent 
component matching when used in a process that also 
includes the high frequency digital-lo-analog converters 
314a, 3146. This good matching can produce low DC offset 

5 in the delta-sigma converter. 

Preferably, the comer frequency of the sensor 321 may be 
chosen to be low enough to roll off modulation, and thereby 
keep modulation out of the feedback loop. The frequency of 
the one bit delta-sigma converter is preferably selected so as 

10 to remove this modulation without aliasing errors. 

The rate of latching by the latch 325 is preferably low 
enough so that the open loop system has settled. ITie 
resolution of the feedback is preferably within one least 
significant bit of the digital-to-analog converter 314. This 

■'^ resolution may be determined by the oversampling ratio 
between the input and output of the decimation/low pass 
filter 72. 

The largest error correction may be available for the first 
2Q subtraction. This correction may be accomplished in one 
step. Alternatively, this correction can be made smoother 
through a digital filter that may be placed between the latch 
325 and the sub tractor 326. Alternatively, the transition can 
be made smoother by constraining the latch to move only 
25 one least significant bit per latch instant. The selection may 
be made based on the desired speed to initially set the 
compensation, 'lliereafter, the DC offset compensator may 
operate in tracking mode, and the same techniques may be 
used. 

30 FIG. 6 illustrates another embodiment of an analog-to- 
digital converter system 80 that can use any type of analog- 
to-digital converter 323. As shown in FIG. 6, a polarity 
inverter 81 is included that periodically inverts the polarity 
of the sensed DC ofikel signal. Operation of the polarity 

35 inverter 81 is described schematically in FIG. 7. 

Referring back to FIG, 6, the analog- to-digital converter 
323 converts the periodically polarity-inverted sensed DC 
ofifeet signal 82 into a digital offiset signal. Since alternate 
samples have been inverted, even samples and odd samples 

40 are then latched in first and second latches 82a, 826. Prior to 
subtraction by a subtracter 83, one of the samples, such as 
the odd samples in latch 826, are delayed by a delay 84. 

Subtraction of the polarity inversion samples in block 85 
may be clocked using the clock 462, wherein the clock 462 

45 is divided by R and applied to the polarity inverter 81 and 
analog-to-digital converter 323 by first and second divide by 
R (-s-R) circuits 86, 87. A slower clock that is produced by 
divide by R times P (+R*P) circuit 88 may be used to clock 
the subtracter 83. 

The analog-to-digital converter system 80 of FIG. 6 can 
produce low DC offiset due to the following relationships: 

55 A/j-Z)C^„,+£:^^,^^^„ and 

where Mq is the error measured in one state of the inverter 
81, Ml is the error measured in the other state of the inverter 

60 81, DC^,,, is the DC offset signal 311 and E^,,„„^^ is the 
DC error of the measurement system of FIG. 6, that is 
assumed to be constant between measurements. 

When the polarity is changed or inverted, the sign of the 
measured DC offiset changes, but the DC error in the 

65 measurement system is unchanged, 'ITie error is measured in 
one state Mq of the inverter and is remeasured in the other 
state M,. These two measurements are subtracted from each 
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Other aod scaled by the scaler 460 in the digital domain after 
the analog- to-digital converter 80, This subtraction can 
remove any DC error in the analog-to-digital converter 80. 
In order to line up the even samples with the odd samples, 
a delay 84 may be used. Thus, DC error in the analog-to- 5 
digital convener can be reduced. 

In the drav/ings and specification, there have been dis- 
closed typical preferred embodiments of the invention and, 
although specific terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
following claims. 

What is claimed is: 

1. A dual-mode modulation system comprising: 
means for sampling an applied signal; 

means for converting the sampled signal to an analog 
signal; 

means for low pass filtering the analog signal to produce 
a filtered analog signal, at least one of the means for 
converting and the means for low pass filtering intro- 
ducing DC offset into the filtered analog signal; 

means for modulating the low pass filtered analog signal 
onto a carrier; 

means for compensating for the DC offset in the filtered 
analog signal that is introduced by the at least one of the 25 
means for converting and the means for low pass 
filtering; 

means for applying a first signal to the sampling means to 
thereby modulate the first signal on a carrier using the 
sampling means, the converting means and the low 3Q 
pass filtering means, and for applying a second signal 
of narrower bandwidth than the first signal to the 
sampling means to thereby sample the second signal 
and modulate the second signal on a carrier using the 
sampling means, the converting means and the low 35 
pass filtering means; and 

wherein the means for compensating further comprises: 
means for sensing the DC offset in the fihered analog 
signal; 

means for converting the sensed DC offset into a digital 40 
DC offset signal; 

means for subtracting the digital DC offset signal from 
the sampled signal, and for applying the sampled 
signal less the DC ofifeet signal to the means for 
converting the digital input signal into an analog 45 
signal; and 

means for scaling the digital DC offset signal into a 

scaled digital DC ofi&et signal; 
the means for subtracting being responsive to the 

means for scaling, to subtract the scaled digital DC 50 

offset signal from the sampled signal. 

2. A dual-mode modulation system according to claim 1 
wherein the low pass filtering means is a fixed low pass filter 
having a passband that encompasses the sampled first signal 
and the sampled second narrower bandwidth signal, such 55 
that the fixed low pass filter is used to filter both the first 
signal and the second narrower bandwidth signal. 

3. A dual-mode modulation system according to claim 1 
wherein the first signal is a CDMA signal and wherein the 
second signal is an FM signal. 60 

4. A dual-mode modulation system according to claim 3 
wherein the CDMA signal is a direct sequence spread 
spectrum signal and wherein the FM signal is an analog 
cellular telephone signal. 

5. A dual-mode modulation system according to claim 1 65 
wherein the modulating means comprises an IQ modula- 
tor having I and Q inputs; and 
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wherein the sampling means comprises first and second 
samplers, the first sampler being responsive to the I 
input and the second sampler being responsive to the Q 
input. 

6. A dual-mode modulation system according to claim 1 
wherein the means for compensating comprises means for 
subtracting from the sampled signal, a digital value repre- 
senting the DC offiset in the filtered analog signal that is 
introduced by the at least one of the means for converting 
and the means for low pass filtering. 

7. A dual-mode modulation system according to claim 1 
wherein the means for compensating comprises: 

means for sensing the DC offset in the filtered analog 
signal; 

means for converting the sensed DC offset into a digital 
DC offiset signal; and 

means for subtracting the digital DC offiset signal from the 
sampled signal, and for applying the sampled signal 
less the DC offset signal to the means for converting the 
digital input signal into an analog signal. 

8. A dual-mode modulation system according to claim 1 
wherein the means for sensing comprises means for low pass 
filtering. 

9. A dual-mode modulation system according to claim 1 
wherein the means for converting the sensed DC offset into 
a digital DC offset signal comprises a one -bit delta-sigma 
analog-to-digital converter. 

10. A dual-mode modulation system comprising: 
means for sampling an applied signal; 

means for converting the sampled signal to an analog 
signal; 

means for low pass filtering the analog signal to produce 
a filtered analog signal, at least one of the means for 
converting and the means for low pass filtering intro- 
ducing DC offset into the filtered analog signal; 

means for modulating the low pass filtered analog signal 
onto a carrier; 

means for compensating for the DC ofl'set in the filtered 
analog signal that is introduced by the at least one of the 
means for converting and the means for low pass 
filtering; 

means for applying a first signal to the sampling means to 
thereby modulate the first signal on a carrier using the 
sampling means, the converting means and the low 
pass filtering means, and for applying a second signal 
of narrower bandwidth than the first signal to the 
sampHng means to thereby sample the second signal 
and modulate the second signal on a carrier using the 
sampling means, the converting means and the low 
pass filtering means; and 

wherein the means for compensating further comprLses: 
means for sensing the DC offset in the filtered analog 
signal; 

means for converting the sensed DC offset into a digital 
DC offset signal; 

means for subtracting the digital DC offset signal from 
the sampled signal, and for applying the sampled 
signal less the DC oflket signal to the means for 
converting the digital input signal into an analog 
signal; and 

means for intermittently latching the digital DC offset 
signal, and for applying the latched digital DC offset 
signal to the means for subtracting, such that the 
latched digital DC offset signal is subtracted from the 
sampled signal. 
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11. Adual-mode modulation system according to claim 10 means for generating a first radiotelephone signal and a 
wherein the means for converting the sensed DC oflfeet into second radiotelephone signal of narrower bandwidth 
a digital DC offset signal is clocked at a first clock rate and than the first radiotelephone signal; means for applying 
wherein the means for intermittently latching is clocked at a the first radiotelephone signal to the sampling means to 
second clock rate that is lower than the first clock rate. 5 thereby modulate the first radiotelephone signal on a 

12. A dual-mode modulation system according to claim carrier using the sampling means, the converting means 
10 wherein the ^jjj p^^^ filtering means, and for applying the 

means for compensating further comprises: second radiotelephone signal of narrower bandwidth 

means for scaling the digital DC offset signal into a than the first radiotelephone signal to the sampling 

scaled digital DC offset signal; jq means to thereby sample the second radiotelephone 

the means for intermittently latching being responsive signal and modulate the second radiotelephone signal 

to the means for scaling to periodically latch the on a carrier using the sampling means, the converting 

scaled digital DC offset signal such that the latched means and the low pass filtering means; and 

scaled digital DC offset signal is subtracted from the „,i,^„:„ ^ ^„.„t;«„ fi,,tu«, v^^. 

t A ' ^ wherein the means tor compensatmg lurtner comprises: 

1 ^^Snal. IS means for sensing the DC offset in the filtered analog 

13. A dual-mode modulation system comprising: signal* 

means for sampUng an applied signal; ^eans for converting the sensed DC offset into a digital 

means for converting the sampled signal to an analog offset signal; 

s^S^^li means for subtracting the digital DC off'set signal from 

means for low pass filtering the analog signal to produce 20 the sampled signal, and for applying the sampled 

a filtered analog signal, at least one of the means for signal less the DC ofifeet signal to the means for 

converting and the means for low pass filtering intro- converting the digital input signal into an analog 

ducing DC off'set into the filtered analog signal; signal; and 

means for modulating the low pass filtered analog signal means for scaling the digital DC offset signal into a 

onto a carrier; 25 scaled digital DC offset signal; 

means for compensating for the DC offset in the filtered the means for subtracting being responsive to the 

analog signal that is introduced by the at least one of the means for scaling, to subtract the scaled digital DC 

means for converting and the means for low pass offset signal from the sampled signal, 

filtering; 15. A dual-mode radiotelephone according to claim 14 
means for applying a first signal to the sampling means to •'^ wherein the low pass filtering means is a fixed low pass filter 

thereby modulate the first signal on a carrier using the having a fixed low pass filter having a passband that encom- 

sampling means, the converting means and the low passes the sampled first signal and the sampled second 

pass filtering means, and for applying a second signal narrower bandwidth signal, such that the fixed low pass filter 

of narrower bandwidth than the first signal to the is used to filter both the first radiotelephone signal and the 

sampling means to thereby sample the second signal second narrower bandwidth radiotelephone signal, 

and modulate the second signal on a carrier using the 16. A dual-mode radiotelephone according to claim 14 

sampling means, the converting means and the low wherein the first radiotelephone signal is a CDMA signal 

pass filtering means; and and wherein the second radiotelephone signal is an FM 

wherein the means for compensating further comprises: signal. 

means for sensing the DC offset in the filtered analog l^. A dual-mode radiotelephone according to claim 16 

sjgjjj^j. wherein the CDMA signal is a direct sequence spread 

means for converting the sensed DC offset into a digital spectrum signal and wherein the FM signal is an analog 

DC offset signal; cellular telephone signal, 

means for subtracting the digital DC offset signal from ^ dual-mode radiotelephone according to claim 14: 

the sampled signal, and for applying the sampled wherein the modulating means comprises an IQ modula- 

signal less the DC offset signal to the means for tor having I and Q inputs; and 

converting the digital input signal into an analog wherein the sampling means comprises first and second 

signal; and samplers, the first sampler being responsive to the I 

means for periodically inverting the polarity of the input and the second sampler being responsive to the Q 

sensed DC offset and for applying the polarity input. 

inverted sensed DC offset to the means for convert- 19. A dual-mode radiotelephone according to claim 14 

ing the sensed DC offset in a digital DC offset signal. wherein the means for compensating comprises means for 

14. A dual-mode radiotelephone comprising: subtracting from the sampled signal, a digital value repre- 
means for sampling an applied signal; senting the DC offset in the filtered analog signal that is 
means for converting the sampled signal to an analog introduced by the at least one of the means for converting 

signal; and the means for low pass filtering. 

means for low pass filtering the analog signal to produce 20. A dual-mode radiotelephone according to claim 14 

a filtered analog signal, at least one of the means for wherein the means for compensating comprises: 

converting and the means for low pass filtering intro- means for sensing the DC offset in the filtered analog 

ducing DC offset into the filtered analog signal; signal; 

means for modulating the low pass filtered analog signal means for converting the sensed DC offset into a digital 

onto a radiotelephone carrier; DC offset signal; and 

means for compensating for the DC offset in the filtered means for subtracting the digital DC offset signal from the 

analog signal that is introduced by the at least one of the 65 sampled signal, and for applying the sampled signal 

means for converting and the means for low pass less the DC offset signal to the means for converting the 

filtering; digital input signal into an analog signal. 
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21. A dual-mode radiotelephone comprising: 
means for sampling an applied signal; 

means for converting the sampled signal to an analog 
signal; 

means for low pass filtering the analog signal to produce ^ 
a filtered analog signal, at least one of the means for 
converting and the means for low pass filtering intro- 
ducing DC offset into the filtered analog signal; 

means for modulating the low pass filtered analog signal jq 
onto a radiotelephone carrier; 

means for compensating for the DC offset in the filtered 
analog signal that is introduced by the at least one of the 
means for converting and the means for low pass 
filtering; J5 

means for generating a first radiotelephone signal and a 
second radiotelephone signal of narrower bandwidth 
than the first radiotelephone signal; 

means for applying the first radiotelephone signal to the 
sampling means to thereby modulate the first radiotele- 20 
phone signal on a carrier using the sampling means, the 
converting means and the low pass filtering means, and 
for applying the second radiotelephone signal of nar- 
rower bandwidth than the first radiotelephone signal to 
the sampling means to thereby sample the second 25 
radiotelephone signal and modulate the second radio- 
telephone signal on a carrier using the sampling means, 
the converting means and the low pass fihering means; 
and 

wherein the means for compensating further comprises: 
means for sensing the DC offset in the filtered analog 
signal; 

means for converting the sensed DC offset into a digital 
DC ofifeet signal; 

means for subtracting the digital DC offset signal from 
the sampled signal, and for applying the sampled 
signal less the DC offset signal to the means for 
converting the digital input signal into an analog 
signal; and 

means for intermittently latching the digital DC offset 
signal, and for applying the latched digital DC offset 
signal to the means for subtracting, such that the 
latched digital DC offset signal is subtracted from the 
sampled signal. 

22. A dual- mode radiotelephone according to claim 21 
wherein the means for converting the sensed DC offiset into 
a digital DC offset signal is clocked at a first clock rate and 
wherein the means for intermittently latching is clocked at a 
second clock rate that Ls lower than the first clock rate. 

23. A dual-mode radiotelephone according to claim 21 
wherein the means for compensating further comprises: 

means for scaHng the digital DC offset signal into a scaled 
digital DC offset signal; 

the means for intermittently latching being responsive to 
the means for scaHng to periodically latch the scaled 
digital DC offset signal such that the latched scaled 
digital DC ofiket signal is subtracted from the sampled 
signal. 

24. A dual-mode radiotelephone comprising: 
means for sampling an applied signal; 

means for converting the sampled signal to an analog 
signal; 

means for low pass filtering the analog signal to produce 
a filtered analog signal, at least one of the means for 65 
converting and the means for low pass filtering intro- 
ducing DC offset into the filtered analog signal; 
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means for modulating the low pass filtered analog signal 

onto a radiotelephone carrier; 
means for compensating for the DC offiset in the filtered 

analog signal that is introduced by the at least one of the 

means for converting and the means for low pass 

filtering; 

means for generating a first radiotelephone signal and a 
second radiotelephone signal of narrower bandwidth 
than the first radiotelephone signal; 

means for applying the first radiotelephone signal to the 
sampling means to thereby modulate the first radiotele- 
phone signal on a carrier using the sampling means, the 
converting means and the low pass filtering means, and 
for applying the second radiotelephone signal of nar- 
rower bandwidth than the first radiotelephone signal to 
the sampling means to thereby sample the second 
radiotelephone signal and modulate the second radio- 
telephone signal on a carrier using the sampling means, 
the converting means and the low pass filtering means; 
and 

wherein the compensating means further comprises: 
means for sensing the DC offset in the fihered analog 
signal; 

means for converting the sensed DC offset into a digital 
DC offset signal; 

means for subtracting the digital DC offset signal from 
the sampled signal, and for applying the sampled 
signal less the DC offiset signal to the means for 
converting the digital input signal into an analog 
signal; and 

means for periodically inverting the polarity of the 
sensed DC offset and for applying the polarity 
inverted sensed DC offset to the means for convert- 
ing the sensed DC offset in a digital DC offset signal. 

25. A dual-mode radiotelephone according to claim 24 
wherein the means for converting the sensed DC offset into 
a digital DC offset signal comprises a one -bit delta-sigma 
analog-to-digital converter. 

26. A dual-mode radiotelephone comprising: 
a sampler that samples an applied signal; 

a digital-to-analog converter that converts the sampled 
signal into an analog signal; 

a low pass filter that filters the analog signal to produce a 
filtered analog signal, at least one of the digital-to- 
analog converter and the low pass filter introducing DC 
offiset into the filtered analog signal; 

a modulator that modulates the fihered analog signal onto 
a radiotelephone carrier; 

a DC offset compensator that compensates for the DC 
ofEset in the filtered analog signal that is introduced by 
the at least one of the digital-to-analog converter and 
the low pass filter; 

a circuit that generates a first radiotelephone signal and a 
second radiotelephone signal of narrower bandwidth 
than the first radiotelephone signal, that applies the first 
radiotelephone signal to the sampler to thereby modu- 
late the first radiotelephone signal on a carrier using the 
sampler, the digital-to-analog converter and the low 
pass filter, and that applies the second radiotelephone 
signal of narrower bandwidth than the first radiotele- 
phone signal to the sampler, to thereby sample the 
second radiotelephone signal and modulate the second 
radiotelephone signal on a carrier using the sampler, the 
digital-to-analog converter and the low pass filter; 

wherein the DC offset compensator comprises: 
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a sensor that senses the DC offset in the filtered analog 
signal; 

an analog-to-digital converter that is responsive to the 
sensor to convert the sensed DC offset into a digital 
DC offset signal; 5 

a subtractor that is responsive to the analog-to-digital 
converter to subtract the digital DC offset signal 
from the sampled signal, and to apply the sampled 
signal less the DC offset signal, to the digital-to- 
analog converter; and lo 

a scaler that is responsive to the analog-to-digital 
converter to scale the digital DC offset signal into a 
scaled digital DC offset signal; 

the subtractor being responsive to the scaler to subtract 
the scaled digital DC offset signal from the sampled is 
signal. 

27. A dual-mode radiotelephone according to claim 26 
wherein the first radiotelephone signal is a CDMA signal 
and wherein the second radiotelephone signal is an FM 
signal. 20 

28. A dual-mode radiotelephone according to claim 27 
wherein the CDMA signal is a direct sequence spread 
spectrum signal and wherein the FM signal is an analog 
cellular telephone signal. 

29. A dual-mode radiotelephone according lo claim 26 25 
wherein the modulator is an IQ modulator that modulates 
in-phase and quadrature filtered analog signals onto a carrier. 

30. A dual-mode radio telephone according to claim 26 
wherein the low pass filter is a fixed low pass filter having 

a passband that encompasses the sampled first signal and the 30 
sampled second narrower bandwidth signal, such that the 
fixed low pass filler is used to filter both the first radiotele- 
phone signal and the second narrower bandwidth radiotele- 
phone signal. 

31. A dual-mode radiotelephone comprising: 35 
a sampler that samples an applied signal; 

a digital-to-analog converter that converts the sampled 
signal into an analog signal; 

a low pass filter that filters the analog signal to produce a 
filtered analog signal, at least one of the digilal-to- 
analog converter and the low pass filter introducing DC 
offset into the filtered analog signal; 

a modulator that modulates the filtered analog signal onto 
a radiotelephone carrier; 

a DC offset compensator that compensates for the DC 
offset in the filtered analog signal that is introduced by 
the at least one of the digital-to-analog converter and 
the low pass filter; 

a circuit that generates a first radiotelephone signal and a so 
second radiotelephone signal of narrower bandwidth 
than the first radiotelephone signal, that applies the first 
radiotelephone signal to the sampler to thereby modu- 
late the first radiotelephone signal on a carrier using the 
sampler, the digital-to-analog converter and the low 55 
pass filter, and that applies the second radiotelephone 
signal of narrower bandwidth than the first radiotele- 
phone signal lo the sampler, to thereby sample the 
second radiotelephone signal and modulate the second 
radiotelephone signal on a carrier using the sampler, the 60 
digital-to-analog converter and the low pass filter; 

wherein the DC offset compensator comprises: 

a sensor that senses the DC ofiket in the filtered analog 
signal; 

an analog-to-digital converter that is responsive to the 65 
sensor lo convert the sensed DC offisel into a digital 
DC offset signal; 
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a subtractor that is responsive to the analog-to-digital 
converter to subtract the digital DC offset signal 
from the sampled signal, and to apply the sampled 
signal less the DC ofbet signal, to the digital-to- 
analog converter; and 

a latch that is responsive to the analog- to-digital con- 
verter to intermittently latch the digital DC offset 
signal, and to apply the latched digital DC offset 
signal to the subtractor, such that the latched digital 
DC offset signal is subtracted from the sampled 
signal. 

32. A dual-mode radiotelephone according to claim 31 
wherein the analog-to-digital converter is clocked at a first 
clock rate and wherein the latch is clocked at a second clock 
rate that is lower than the first clock rate. 

33. A dual-mode radiotelephone according to claim 31 
wherein the DC offset compensator further comprises: 

a scaler that is responsive to the ana log-to -digital con- 
verter to scale the digital DC offset signal into a scaled 
digital DC offset signal; 

the latch being responsive to the scaler to periodically 
latch the scaled digital DC offset signal such that the 
latched scaled digital DC offset signal is subtracted 
from the sampled signal. 

34. A dual-mode radiotelephone comprising: 
a sampler that samples an applied signal; 

a digital- to-analog converter that converts the sampled 
signal into an analog signal; 

a low pass filter that filters the analog signal lo produce a 
filtered analog signal, at least one of the digital-to- 
analog converter and the low pass filter introducing DC 
ofket into the filtered analog signal; 

a modulator that modulates the filtered analog signal onto 
a radiotelephone carrier; 

a DC offset compensator that compensates for the DC 
offset in the filtered analog signal that is introduced by 
the at least one of the digital-to-analog converter and 
the low pass filler; 

a circuit that generates a first radiotelephone signal and a 
second radiotelephone signal of narrower bandwidth 
than the first radiotelephone signal, that applies the first 
radiotelephone signal to the sampler to thereby modu- 
late the first radiotelephone signal on a carrier using the 
sampler, the digital-to-analog converter and the low 
pass filter, and that applies the second radiotelephone 
signal of narrower bandwidth than the first radiotele- 
phone signal to the sampler, to thereby sample the 
second radiotelephone signal and modulate the second 
radiotelephone signal on a carrier using the sampler, the 
digital-to-analog converter and the low pass filter; 

wherein the DC offset compensator comprises: 

a sensor that senses the DC offset in the filtered analog 
signal; 

an analog-to-digital converter that is responsive to the 
sensor to convert the sensed DC offset into a digital 
DC offset signal; 

a subtractor that is responsive to the analog-to-digital 
converter to subtract the digital DC offset signal 
from the sampled signal, and to apply the sampled 
signal less the DC ofket signal, to the digital-to- 
analog converter; and 

a polarity inverter that is responsive to the sensor to 
periodically invert the polarity of the sensed DC 
offset and to apply the polarity inverted sensed DC 
offset to the ana log- to-digital converter, the analog- 
to-digital converter converting the periodically 
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polarity inverted sensed DC oflOset signal into the 
digital offset signal. 

35. A dual-mode radiotelephone according to claim 34 
wherein the analog-to-digital converter is a one-bit delta - 
sigma analog-to-digital converter. 

36. A dual-mode modulation method for a first digital 
input signal and a second digital input signal having nar- 
rower bandwidth than the first digital input signal, compris- 
ing the steps of: 

oversampling the second digital input signal; 

converting the first digital input signal and the over- 
sampled second digital input signal into an analog 
signal; 

low pass filtering the analog signal to produce a filtered 

analog signal, at least one of the converting and low 

pass filtering steps introducing DC ofifeet into the 

filtered analog signal; 
modulating the filtered analog signal onto a carrier; 
compensating for the DC offset in the filtered analog 

signal that is introduced by the at least one of the 

converting and low pass filtering steps; 
wherein the compensating step comprises the steps of: 

sensing the DC offiset in the filtered analog signal; 

converting the sensed DC offiset into a digital DC offset 
signal; 

subtracting the digital DC offset signal from the first 
and second oversampled digital input signals; and 

scaling the digital DC offset signal into a scaled digital 
DC offset signal 

37. A dual-mode modulation method according to claim 

36 wherein the first digital input signal is a CDMA signal 
and wherein the second digital input signal is an FM signal. 

38. A dual-mode modulation method according to claim 

37 wherein the CDMA signal is a direct sequence spread 
spectrum signal and wherein the FM signal is an analog 
cellular telephone signal. 

39. A dual-mode modulation method according to claim 
36 wherein the step of modulating comprises the step of IQ 
modulating in-phase and quadrature filtered analog signals 
onto a carrier. 

40. A dual-mode method according to claim 36 wherein 
the low pass filtering step comprises the step of employing 
a fixed low pass filter having a passband that encompasses 
the first digital input signal and the oversampled second 
digital input signal, such that the fixed low pass filter is used 
to filter both the first digital input signal and the oversampled 
second digital input signal 

41. A dual-mode modulation method for a first digital 
input signal and a second digital input signal having nar- 
rower bandwidth than the first digital input signal, compris- 
ing the steps of: 

oversampling the second digital input signal; 

converting the first digital input signal and the over- 
sampled second digital input signal into an analog 
signal; 
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low pass filtering the analog signal to produce a filtered 
analog signal, at least one of the converting and low 
pass filtering steps introducing DC offset into the 
filtered analog signal; 
5 modulating the filtered analog signal onto a carrier; 

compensating for the DC offset in the filtered analog 
signal that is introduced by the at least one of the 
converting and low pass filtering steps; 
wherein the compensating step comprises the steps of: 
10 sensing the DC offiset in the filtered analog signal; 

converting the sensed DC offiset into a digital DC offset 
signal; 

subtracting the digital DC offset signal from the first 
and second oversampled digital input signals; and 
15 intermittently latching the digital DC offset signal. 

42. A dual-mode modulation method according to claim 
41 wherein the step of converting the sensed DC offset into 
a digital DC offiset signal is clocked at a first clock rate and 
wherein the step of intermittently latching is clocked at a 

20 second clock rate that is lower than the first clock rate. 

43. A dual-mode modulation method according to claim 
41 wherein the step of compensating further comprises the 
step of: 

scaling the digital DC offset signal into a scaled digital 
25 DC offiset signal. 

44. A dual-mode modulation method for a first digital 
input signal and a second digital input signal having nar- 
rower bandwidth than the first digital input signal, compris- 
ing the steps of: 

30 oversampling the second digital input signal; 

converting the first digital input signal and the over- 
sampled second digital input signal into an analog 
signal; 

low pass filtering the analog signal to produce a filtered 
analog signal, at least one of the converting and low 
pass filtering steps introducing DC offset into the 
filtered analog signal; 

modulating the filtered analog signal onto a carrier; 

compensating for the DC offset in the filtered analog 
signal that is introduced by the at least one of the 
converting and low pass fihering steps; 

wherein the compensating step comprises the steps of: 
sensing the DC offset in the filtered analog signal; 
converting the sensed DC offiset into a digital DC offset 
signal; 

subtracting the digital DC offiset signal from the first 

and second oversampled digital input signals; and 
periodically inverting the polarity of the sensed DC 

50 , 

45. A dual-mode modulation method according to claim 
44 wherein the step of converting the sensed DC offset into 
a digital DC oflset signal comprises the step of delta-sigma 
analog-to-digital converting the sensed DC offset into a 
digital DC offset signal. 
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